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FOREWORD 

The  work  described  in  this  report  was  authorized  under  Task  1AC12501B02802,  Life 
Sciences  Basic  Research  in  Support  of  Materiel,  Chemical. 

This  report  (two  articles)  is  reprinted  from  the  Journal  of  Organic  Chemistry  34, 
4065-4072  (1969).  Copyright  1969  by  the  American  Chemical  Society  and  reprinted  by 
permission  of  the  copyright  owner.  Letter  of  permission  to  use  this  copyright  material  is  on 
file  in  the  Office  of  Counsel,  Edgewood  Arsenal,  Edgewood,  Maryland  21010.  Reproduction 
of  the  copyrighted  material  in  whole  or  in  part  is  prohibited  except  with  permission  of  the 
copyright  owner;  however,  Defense  Documentation  Center  and  the  Clearinghouse  for  Federal 
Scientific  and  Technical  Information  are  authorized  to  reproduce  the  document. 
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1  Reprinted  from  the  Journal  of  Orgarrfc  Chemistry.  34,  4065  (1969).| 
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Alkylating  Agents  Containing  a  Quaternary  Nitrogen  Group1 

P.  Blvmbergs,  A.  li.  Ash,  F.  A.  Daniher,  C.  L.  Stevens, 

Af’'  Stevens  Inr.,  Detroit,  Mtehigai*  $2202 
H.  O.  Michel,  B.  E.  Kackley,  Jit.,  and  J.  Epstein 

Research  liberator  its,  Edgeirood  Arsenal,  Edgexcood  Arsenal,  Maryland  21010 
llmnxd  Junr  27,  I96Q 


A  series  of  is  new,  water— oluhlc  alkylating  agents  was  synthesised.  The  structures  contain  an  alkylsulfonate 
group  as  the  alkylating  function  and  a  quaternary  ammonium  salt  group  attached  *o  a  hydrocarbon  backbone. 


A  large  body  of  literature  exists  on  the  blocking  or  in¬ 
hibition  of  the  enzyme  acetylchlolinest erase  by  various 
phosphorus  |K>isons.J  Thus,  alkyl  mcthylphosphono- 
fluoritlates  become  attached  to  the  enzyme  site,  pre¬ 
sumably  by  phasphonylation  of  au  O-scrinc  component 
of  the  enzyme  protein.’  The  result  is  that  the  normal 

a,  Tin*  work  «a*  performed  under  Ed««*rood  Arsenal  Contract  DA  1ft* 
10ft-AMC.2f.it  AS 

(2l  *  lUndi.urti  rfer  ttxpr nmeoUU-n  rhaHnakolo**#,"  Vol  XV.  G.  II. 
Koellc.  ?ut*ditor,  "Ch©lin«icras*s  »m!  Antichohnsstsmss  Aftnts."  1663. 
mntl/or  It.  D  O’llrien.  "Tone  Phosphorus  Esters."  Acadsnuc  Press.  Nsw 
Wk.N.Y..  I960. 


enzyme  function  of  hydrolyzing  acetylcholine  is  pre¬ 
vented.  Removal  of  the  phosphonate  inhibition  has 
l>ecn  successfully  accomplished  by  various  oxime  “reac¬ 
tivators”  such  as  2-pyridinealdoximc  n>ethiodidc  (2- 
PAM).  Reactivation  may  be  complicated,  however, 
by  a  phenomenon  known  as  “aging”  whereby  the  alkyl 
group  of  the  phosphonate  inhibitor  is  cleaved,  presum¬ 
ably  generating  an  oxygen  anion.4  The  net  result  is 

(3)  N.  K.  Schafsr,  S.  C  May.  Jr.,  and  W.  II.  Sumtnerson.  J.  Btd.  Chtm.m 
SM.  67  (IBM). 

(4)  F.  ftsrtod*.  C.  If.  Posthuums.  1.  V.  D.  Sluys.  and  F.  A.  Dsssrkauf. 
B*cek\m.  fitful.  Arts,  M,  376  (1956) 
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that  oximes  such  as  2-1’AM  arc  not  effective.  To 
clarify  more  fully  the  character  of  the  aged,  inhibited 
enzyme,  realkylation  of  the  phosphonate  anion  would 
be  of  great  interest,  and  our  attention  was  directed  to 
the  design  of  alkylating  agents  capable  of  functioning 
in  biological  media. 

Phosphonatc  salts  are  known  to  be  poor  nucleophiles 
in  alkylation  reactions,  presumably  because  the  anions 
are  weakly  basic  (conjugate  acids  have  pK,  values  ap¬ 
proximately  2).*  Accordingly,  a  highly  reactive  alkyl¬ 
ating  agent  w"° » equired  and  an  ester  of  a  stronger  acid 
was  a  lil  te.  This  led  to  the  design  of  a  model 

series  in  which  the  active  alkylation  moiety  is  an  alkyl- 
sulfonate  group  with  the  incorporation  in  the  structure 
of  a  quaternary  nitrogen  to  provide  potential  binding  to 
the  enzyme  site  and  w$ter  solubility  in  neutral  media. 
In  view  of  this,  the  synthesis  of  a  series  of  structures 
such  as 

(OHi)»N+ICHi),SOiCH>-X" 

was  initiated.  where  n  is  2-6  and  X-  is  an  inert  anion 
such  as  perchlorate.  Acquisition  of  a  successful  proce¬ 
dure  led  to  modified  structures  wherein  the  alkylene 
chain  was  branched,  the  trimethylammonium  group 
was  replaced  by  triethylammonium  and  pyridinium 
groups,  methyl  was  replaced  by  an  ethyl  alkylating 
group,  and  a  second  alkylating  group  and/or  a  second 
quaternary  ammonium  moiety  were  introduced.  In 
addition,  the  alkylsulfonate  group  was  successfully  in¬ 
troduced  on  the  pyridine  ring,  3  (raethylsulfonate)- 
1-methylpyridinium  perchlorate.  This  first  paper  re¬ 
ports  the  results  of  the  synthetic  program.  Kinetic 
data  on  the  alkylation  of  phosphonate  anions  and  other 
biologically  important  anions  in  aqueous  media  are  re¬ 
ported  in  the  following  paper  * 

Results  and  Discussion 

Work  was  initialed  with  unsuccessful  attempts  to 
prepare  the  propane  analog,  a  methyl  3-(trimethylam- 
monium)propane  sulfonate  salt,  using  conventional  pro¬ 
cedures.  Treatment  of  methyl  3-iodopropane  sulfonate 
with  trimethylamine  in  ether  solution  resulted  in  alkyl¬ 
ation  of  the  amine,  forming  the  tetrsmethylammonium 
salt  of  3-iodopropane  sulfonic  acid.  The  same  reac¬ 
tants  in  acetonitrile  gave  tetrrunethylammonium  iodide 
and  the  inner  salt,  3-(trimethylammonium)  propane 
sulfobetaine.  The  evidence  indicated  that  the  desired 
alkylating  agent  was  formed  in  acetonitrile,  but  was 
rapidly  attacked  by  the  excess  amine  to  from  the  quater¬ 
nary  iodide  and  the  stable  inner  salt.  Alternatively, 
methyl  iodide  which  would  be  converted  to  the  quater¬ 
nary  iodide  could  be  formed  by  internal  alkylation. 

Inasmuch  as  3-(trimethylanunonium)propane  sul¬ 
fobetaine  was  rapidly  prepared  from  the  commercially 
available  3-hydroxypropanesulfonic  acid  sultone  by 
ring  opening  with  trimethylamine,  attempts  were  made 
to  convert  the  sulfobetaine  to  the  sulfunyl  chloride  with 
phosphorus  pentachloride  and  chlorosulfonic  acid,  or 
with  thionyl  chloride  and  catalytic  quantities  of  di- 
methylfo^namide.,  Formation  of  crude  sulfonyl  chlo¬ 
ride  was  demonstrated  in  each  instance  by  isolation  of  a 

(5)  A.  G.  Onto*.  E.  R.  Holiday,  J.  St.  L.  PUlpot.  ft *4  L.  A.  Stoekn, 
Tniu.  forctey  Sftc..  44,  45  (IMS;. 

(•)  A.  B.  A»i,  P.  BluaUrtft.  C.  L.  Sum*.  H.  O.  MleUl.  B.  E,  Hatkky, 
Jr.,  ftftd  J.  EimtftU.  J.  Or,.  CKim..  M,  4C70  (IMS). 

(7)  H.  II.  Boahftfd,  d  oi„  ffUt.  Cii*.  Actft.  49.  1MC  (ISje). 


sulfonamide,  but  treatment  with  methoxide  ion  gave 
mixtures  in  which  only  the  inner  suit  could  he  isolated. 

In  the  third  and  successful  approach,  the  n-propane 
sulfobetaine  was  treated  with  dimethyl  sulfate  at  reflux 
(185-193°)  for  3  hr  to  yie'd  a  crude  methyl  sulfate  salt. 
The  latter  was  then  converted  to  the  stable  perchlorate 
salt  by  passage  in  methanol  over  a  Dowcx-1  (hydroxide) 
ion-exchange  column  at  —70°  und  neutralization  of  the 
effluent  with  perchloric  acid. 

1 85* 

(CH«),N+(CH,hSO,-  +  (CHjO)jSO, — ► 

1.  I)o«m-1  (OH")/ -70* 

(CH,),N+(CH,VSO,CH,CH,OSOr - ► 

2.  11CIO. 

(CHi)N  ♦<CH,)»S0lCH,C10,- 


The  method  proved  general  and  was  applied  to  afl 
alkylating  agents  reported  herein.  In  a  number  of 
cases,  the  column  technique  could  be  replaced  by  uti¬ 
lizing  a  solution  of  barium  perchlorate  in  acetone  (or 
methanol)  to  convert  the  crude  methane  sulfonate  salts 
to  the  perchlorate  salts. 

The  most  active  agent1  was  3-(incthylsulfonate)-l- 
methylpyridinium  perchlorate.  This  was  successfully 
prepared  from  both  3-pyridinesulfonic  acid  and  3-pyr- 
idinium-I-methyl  sulfobetaine.  Under  comparable 
conditions,  the  yield  from  the  sulfonic  acid  was  6-16%, 
whereas  the  sulfobetaine  gave  onlv  a  4%  yield.  The 
reaction  with  3-pyridinesulfonic  acid  was  optimized  to 
give  a  20%  yield.  3-(Ethylsu!fonate)-l-ethylpyridin- 
ium  perchlorate  was  prepared  in  30%  yield  using  di¬ 
ethyl  sulfate.  However,  all  attempts  to  prepare  2-  and 
4-(methylsulfonate)-l-m«thylpyridinium  perchlorate 
failed.  Interestingly,  it  was  discovered  that  both  the 
2-  and  4-pyridinium  sulfobctaines  were  converted  to  the 
2-  and  4-methoxy-l-irethyIpyridinium  perchlorate  by 
passage  in  70%  methanol-water  (v/v)  over  the 
Dowex-l  (hydroxide)  column  and  neutralization  of  the 
effluent  with  perchloric  acid. 


CH,  CIO' 

The  precursor  sulfobetaines  are  stable,  high-melting 
(230-367®),  neutral,  and  water-soluble  inner  salts,  in¬ 
soluble  in  organic  solvents.  They  were  prepared  by 
(a)  treatment  of  uehaloalkylsulfonic  acids  or  their  salts 
with  tertiary  amines;  (b)  treatment  of  &>-tertiary  amine 
alkyl  halides  with  sodium  sulfite;  or  (c)  ring  opening  of 
the  corresponding  cyclic  sultones  with  tertiary  amines. 
The  alkylating  agents  are  soluble  in  polar  solvents  such 
as  water,  acetone,  and  acetonitrile  and  slightly  soluble 
in  methanoi.  All  new  compounds  were  characterized 
by  elemental  analysis,  infrared  spectra,  and,  in  selected 
cases,  nmr  spectra.  The  alkylating  agents  are  listed  in 
Table  I  with  melting  point  and  yield  data. 


Experimental  Section 

Compound  3- W  were  prepared  from  ( he  precursor  sulfobetaine, 
generally  rio  the  cyclic  sultone.  The  general  procedure  pre¬ 
sented  below  is  representative  of  the  series  with  additional  details 
added  under  the  specific  compound,  as  required. 

3-(Methylsulfonate)-l-methylpyridinium  perchlorate  (1)  and 
3-(ethyl*uIfonatcH-«thyipyridinium  perchlorate  (2)  were  pre¬ 
pared  directly  from  3-pyririinesuIfoiitc  acid  and  diatkyl  sulfate. 
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Table  I 


Ali.vwti.vo  Aqentc 


Compti  Mructuro  wit) 

Mp.  °c 

Yield. 

Cl" 

i 

fit,  •*>>  r-3-SO.cn, 

113  5-1  If' 

21V' 

2 

C,  1 1 , "  pv  r-3-S( ),(  L 1 1 . 

94  5  -90  5 

30- 

3 

i(TE)jNv(CTl,)*S(ijCH, 

1  15-110.5 

45 

4 

'CI|.),N‘(CH,)vSO,ClE 

116- Us 

HO 

5 

iC;II.i,N’i(T1„„M),CTI, 

S0-SS 

53 

6 

t  -II  .N  •(Cil, iiSOA  11, 

1 18-120 

70 

7 

•  ni.i  ‘tC!l;),S(),C",IE 

95  5-96  5 

65 

6 

(  !  i.  ),X  ‘ !  T 1 ,  i  *1*3  if 'f  1,0  CH,  >.S<  i,CH, 

117-119 

,,l! 

u 

s’.Il  N  ’CH(Cli,lCil,C(C!l,)sS(>,CII, 

93-91 

i. 5 

10 

iCU»hN°((  lls),ru),(  II, 

91 -‘Cl 

74 

11 

•I'.'l.i.X  *i(Tl.),M>,(.r!- 

74-77 

SO 

1° 

C  i  1  ,N  -'Oil,  ..So, Cl  I, 

SC-87 

65 

13 

<ni,i,N*cnic,ii.)(Cii,hso,cn: 

115-119 

ca 

14 

C.IEN  *CH(C!11.I'CH,),SO,CHi 

M-S3 

77 

IS 

:CII,i,N°<C!l,hSO>C», 

74-76 

78 

10 

:CII,hN  ’((TI,),X  ♦<CH„,(CH,;,SO,CH, 

1S1-1S2 

70 

17 

KTl,0>8,CHr),N°(Cii,h(CHr.H» 

153-155 

32 

18 

ni,<V8CH,),N°'Cll,),(CH,)vSO,CII. 

105-100.5 

28° 

•  From  precursor  sulfobetaine  and  dialkyl  sulfate  unless  other¬ 
wise  indicated.  "  From  3-pyridniesulfoiuc  acid  and  dialky'  sul¬ 
fate.  •  From  the  precursor  sulfonic  acid  and  dimethyl  sulfate. 


All  melting  points  are  uncorrected.  3-Hydroxypropanesul- 
fonic  acid  -illume  and  3-hydroxy- 1,1. 3-trimethylprcpanesulfonic 
acid  sultone  were  obtained  from  the  Shell  Chemical  Corp. 

General  Procedure.  Methyl  3-tTrimethyUmmonium  Per¬ 
chlorate  ipropane  Sulfonate  (41. — 3-Hydroxy-l-propanesulfnnic 
acid  sultone  *61  g)*a>  added  to  trimethylamme  (30  g)  in  benzene 
with  stirring  The  heat  of  reaction  maintained  the  temperature 
at  33-4(1"'  The  mixture  was  warmed  to  50-60°  for  1  hr  and 
allowed  to  stand  overnight  at  room  temperature.  The  mixture 
was  filtered  and  the  wet  solid  was  stirred  and  heated  with  ethanol 
(300  ini'.  The  cooled  mixture  was  filtered  to  isolate  crude  3- 
ttrinielhylammoniitm  Ipropane  sulfobetaine,  84  g  ($2% ).  mp344- 
346’  dec  with  darkening  at  330”.  An  additional  7  g  oi  product 
was  recovered  from  the  mother  liquor.  The  product  was  re- 
crystalllzed  I  rum  methanol  to  give  mp  347-349°  dec,  the  melting 
point  varies  »  ith  the  rate  of  heating. 

Anal.  Call'd  for  C.HoNOjS:  C,  39.76;  H,  8.34;  8,  17.69. 
Found:  C.39.55;  11,8.45;  S,  17.49. 

The  sulfobetaine  (1.8  g)  was  refluxed  in  dimethyl  sulfate  (10 
mil  lor  2  hr.  cooled,  and  leached  with  dry  ether.  The  residue 
was  dissolved  in  cold  methanol  and  passed  over  a  methanohe 
Dowex-l-X-’  (hydroxide  form)  ion-exchange  resin  column  cooled 
at  —70°.  The  eluato  waa  immediately  neutralized  with  70% 
perchloric  arid.  The  crystalline  precipitate  was  filtered,  washed 
with  cold  methanol,  and  recrystaliized  from  acetone-ether  tor 
acetone- mrthanol-ether/  to  yield  2.38  g  (80%  1  of  compound  4, 
mp  116-1  IS’.  Tite  nmr  spectrum  was  compatible  with  the  as¬ 
signed  structure 

.Intzf.  Calcd  for  CMUCIXOjS:  C,  28.43;  H.6.13;  X.4.74: 
S  •0.84.  Found:  C,  28.43:  H,  6.15:  X, 4.56;  8. 10.59. 

Methyl  3-<triethyl*mmomam  perchlorate  Ipropane  Sulfonate 
(5). — Incthilammc  and  3-hydroxy-l-propanesuifotiic  acid  sul- 
tone  iti  tmn/cne  solution  at  risim  temperature  gave  33%  crude 
product.  '!»••  rccrystallizations  from  ethanol-acetone-ether 
gave  ati  analytical  sample,  mp  296-293°  dec,  of  3-(triethy!am- 
moninm  ipropane  sulfobetaine. 

Anal.  Calctl  for  CjHnNOiS:  C,  48.40;  H,  9.48;  S.  14.36. 
Found:  C,  48.25:  11,9.73;  8,14.24. 

The  sulfobetaine  was  treated  with  dimethyl  sulfate,  according 
to  the  standard  procedure,  to  give  compound  5  (53%.),  mp  86- 
88°,  alter  rccrys'allUation  from  acetone-methanol-ether. 

Anal.  Calcd  for  C„HwClNO,S:  C,  35.55;  H,  7.16;  Cl, 
10.50;  N.  4.15;  S,  9.49.  Found:  C.  35.75;  H,  7.10;  Cl, 
10.55;  N,  4.22;  S.9.48. 

Methyl  3-'Pyridinium  perch  lorata  ipropane  Sulfonate  (&).— 
Pyridine  ami  the  propane  sultone  in  acetone  solution  at  room 
temperature  gave  5-(pyrklimum)propane  sulfobetaine  (75%), 
mp  273-275°  dec,  from  methanol-ether. 

Anal.  Calcd  for  C.Hi,NO^:  C.  47.74;  H,  5.51;  N,  6.96; 
8,15.93.  Found:  C. 47.60;  H.5.30;  N, 7.01;  8, 18.14. 


Tho  sulfobetaine  was  treated  with  dimethyl  sulfate  by  the 
standard  procedure  to  give  crude  title  compound,  mp  117-119°. 
Hecrystallization  Iron:  acetone-ether  gave  an  analytical  sample, 
mp  118-120°. 

Anal.  Calcd  for  C,fl„ClK018:  C,  34.23;  H,  4.47;  N,  4.43; 
8.10.15.  Found:  C. 31.37:  H.4.36;  N.4.39,  ri.9.9o. 

Ethyl  3-(Trimethylammomuin  perchlorate )propan«  Sulfonate 
(7). — The  yield  of  product  from  the  precursor,  3-(trimethylam- 
mimmm)propane  suiiolietaine,  was  65%,  mp  94-96°.  An 
analytical  sample  from  acetone-ether  had  ttip  95.5-96.5°. 

Anal.  Calcd  for  C.llrtClNO,S;  C,  31.02;  H.0.50;  X,  4.52, 
S,  10.35.  Found:  C,  31.33:11, 6.48;  N.  4.53;  S,  10.37. 

Methyl  3-(TrimeU.yUmmonium  perchlorate;  1  ',3-trimethyl- 
propane  Sulfonate  ‘  8 1  — 3- 1  lydroxy- 1 , 1 ,3-lrimct  ylpropanesul- 
fonic  acid  sultone  was  placed  in  a  sealed  tube  with  trimethy!- 
amine  for  4  days  to  yield  crude  3-(trinietliy!ammcnium)-l,l,3- 
trimethylpropane  sulfobetaine  (33%  „  mp  256-258°  dec.  Ite- 
crystallization  from  methanoi-ether  gave  an  analytical  sample, 
mp  260°  dec. 

-Ina/.  Calcd  for  C,H„NO,S:  C,  48.39;  H,  9.48;  X,  6.28; 
^  14.35.  Found:  C,  48.25;  11,9.45;  X,  6.45;  8, 14.38. 

*The  sulfobetaine  wan  heated  with  excess  dimethyl  sulfate  for  6 
hr  at  115-125°  to  give  the  title  compound  (60%),  mp  117-118°. 
Recrystallization  from  aceione-clher  gave  an  analytical  sample, 
mp  117-119°. 

Anal.  Calcd  for  C„Hr,ClNO,S:  C,  35.55;  H.7.16;  X.4.14; 
S,  9.49.  Found:  C,  35.46;  11,7.40;  X.3.87;  8,9.65. 

Methyl  3-(Pyridinium  perchlorate)-! ,  1 ,3- trimethylpropane  Sul¬ 
fonate  (9). — 3-Hydroxy-l,l,3-trimethylpropanesulfonic  acid  sul- 
tone  was  heated  in  excess  pyridine  at  90°  for  3  hr  to  yield  crude 
3-(p.vridiniti>n)-l,l,3-trimethylpropane  sulfobetaine  (62%).  mp 
251-253°  dec.  Recrystallization  from  methanol-ether  gave  an 
analytical  sample,  mp  254-255°  dec. 

Anal.  Cak-d  for  CiiHnKOtS:  C,  54.29;  11,  7.04;  X,  5.76; 
S,  13.18.  Found:  C,  54.17;  11, 7.09;  N,  5.79;  S,  13.42. 

The  sulfobetaine  was  confer,  sd  to  the  methyl  ester  by  the 
standard  procedure  in  75%  yield,  mp  90-92°,  from  acetone-ether. 

Anal.  Calcd  for  C,.lUCINO,S:  C,  40.28;  H,  5.63;  N, 
3.91:8,8.99.  Found:  C.  40.48;  H, 5.84;  X, 3.96;  8, 9.02. 

Methyl  4-(TrimethyUmmonmin  perchlorate )butane  Sulfonate 

(10) . — Butane  sultone  was  prepared  from  tetiahydrofunui  via  4- 
chlorobutv!  acetate  and  4-hydroxybutylsiilfonic  acid  by  the 
method  of  llelberger .•  The  sultone  was  treated  with  a  50%  ex¬ 
cess  of  trimethylamine  in  benzene  (gentle  reflux).  The  system 
was  sealed  and  refluxed  for  ?  days.  Work-np  gave  3-(trimethyl- 
ammonium )butane  sulfobetaine  i75%),  mp  354°  dec  (lit.*  mp 
300°),  from  water-ethanol-ether. 

Anal.  Calcd  for  CzlInKUiS:  C,  43.05;  11,  8.78,  S,  16.42. 
Found:  C.42.5S;  11,9.06;  8, 16.12. 

The  siilfobelaitie  was  converted  to  the  title  compound  (74%), 
mp  90-92°.  Hecrystallization  from  acelone-methanol-ether 
gave  mp  91-93°. 

Anal.  Calcd  fot  CjHuClNO-8:  C,  31.02;  H.  6.51;  X,  4.52; 
S,  10.35.  Found:  C,  31.16;  11,6.53;  X,  4.29;  8, 10.38. 

Methyl  4-iTriethylanunonium  perchlorate  (butane  Sulfonate 

(11) .— Butane  sultone  (1  mol)  and  triethylnminc  (3  mol)  were 
stirred  for  4  days  and  allowed  to  stand  for  7  days  at  room  tem¬ 
perature.  Excess  amine  was  decanted.  The  solid  was  washed 
with  ether,  dissolved  in  methanol,  and  passed  over  a  l)owex-l-X2 
(hydroxide  j  column.  4-;Tnethylammomum)bntane  sulfobetaine 
(52%),  mp  296-298°  dec,  was  isolated  from  the  eluate.  lie- 
crystallization  from  ethanol-ether-acetone  gave  mp  298-299° 
(lit  .•  mp279°). 

Anal.  Calcd  for  C„HnXO,S:  C,  50.00;  II,  9.77:  8,  13-57. 
Found:  C,  50.30;  II,  9.84:  8. 13.84. 

The  sulfobetaine  was  converted  to  the  title  compound  (80% ) 
by  the  standard  procedure;  it  had  mp  74-77°  after  recrystalliza¬ 
tion  from  warm  methanol  containing  a  trace  of  acetone. 

Anal.  Calcd  for  C„H»C1NOtS:  C.  37.53;  II.  7.43;  Cl. 
10.08;  S,  9.11.  Found:  C,  37.8!;-  11,  7.40;  Cl,  10.26;  8, 
8.95. 

Methyl  *-(PyridathBn  perchlorate )butane  Suttcncte  («)— 
Butane  sultone  was  heated  in  pyridine  for  3  hr  (steam  bsth). 
Work-tip  gave  a  52%  yield  of  crude  4-<p\ridi»ium)hntanc  sulfo- 
betaine,  mp  229-231°  dec.  Recrystalliratinn  from  methanol- 
ether  gave  mp  231  *  dec  (foaming). 


<»)  J  H.  Hdhtfstraad  II.  Laateraiaaa.  .tan  ,  at*.  160  (H>5». 
<»)  I).  lUlIrrkh.  tln.1.  aet,  37  (1061). 
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Anal.  Culcil  for  C,H„NO,S:  C,  50.17;  II,  6.08;  N.  6.51; 
S,  14.89.  Found:  C.  50.21;  II,  6.13;  N,  6.51;  S,  15.09. 

The  sulfobetaine  was  converted  lo  ihe  title  compound  (6.V,t), 
mp  84-86°.  Kecrystallization  from  acetone-ether  gave  an 
analytical  sample,  mp  86-87°. 

Anal.  Calitl  lor  C„H„ClNO,S:  C,  86.41;  II,  4  88;  N. 
4.24;  S, 9.72.  Found:  C, 36.66;  11,5.02;  N, 4.22;  8,9.80. 

Methyl  4-£thyl-4-(trimathylammonlum  perchlorate Jbutane 
Sulfonate  (13).— O-Hydroxyhexanesulfonic  acid,  prepared  from 
l-acetoxy-6-chlorohexaue  hy  treatment  with  aqueous  sodium 
sulfite,  was  cycliz.ed  at  i55°  at  1-mm  pressure  to  yield  4-ethyl- 
butane  sultone,  hp  102-105*  (1.0  mm),  according  to  the  method 
of  Helferich.'*  The  overall  yield  from  t-aeetoxy-6-chlorohexune 
was  32?;.  4-Kthylbutane  sultone  was  heated  with  tninethyi- 
amine  in  a  sealed  tube  at  1 10°  for  12  hr.  The  hygroscopic  prod¬ 
uct,  4-ethyl-4-(trimethylammonium)outane  sulfobetaine  (15?;), 
after  recryatallization  from  ethanol-ether,  had  mp  238-24(1°. 
The  sulfolieiaine  was  converted  to  the  title  compound  (63%). 
Alter  recrystallization  from  acetone-ether,  the  product  had  run 
115-1 18° 

Anal.  Calcd  for  C,.H„CINO,8:  C,  35.54;  H,  7.16;  JL 
1.17:  9.46.  Found:  C,  35.56;  11,8.99;  N.4.42;  S,  9.16. 

Methyl  A-Ethyl-A-ipyruiiium  perchlorate  (butane  Sulfonate 

(14) .— 4-Ethylbutanc  sulto  e,  prepared  as  above,  was  refluxed 
in  excels  pyridine  for  2  day.*  ,o  give  4-ethyl-4-(pyriduuum)butane 
sulfobetaine  (72',),  mp  253-255°,  after  recrystallization  from 
methanol-ether.  The  siilfobeiame  was  converted  to  ihe  title 
compound  <77Cc ).  mp  81-83°,  after  recrystalluatioo  from  ace¬ 
tone-ether. 

Anal.  Cslcd  tor  CkIImCIXOiS:  C,  40.28;  II,  5.63;  N, 
3.91.  Found:  C. 40.43:  11,5.71;  X’,4.04. 

Methyl  0-(  Trimethylammonium  perchlorate Jhexane  Sulfonate 

(15) . — Hexumethy  lene  chlorohydrin  (50  g)  and  trimethylamine 
(35  g)  weie  dissolved  hi  lienzene  and  allowed  to  siand  for  60  hr. 
Filtratiun  yielded  crude  0-hydroxyhexy  1  trimethylammonium 
chloride  (13  g,  0.068  mol)  and  starting  material  (41  g).  The 
crude  product  ilO  g)  was  dissolved  ill  thioujl  chloride  (20  ml). 
After  standing  overnight,  the  -n'toion  was  refluxed  for  2  hr, 
thiooyl  chloride  was  removed,  and  methanol  was  added.  The 
solution  was  concemrated,  d.'uted  with  benzene-methanol,  and 
decolorized.  Itemoval  of  solvents  gave  a  gum  which  turned  to 
mushy  crystals  under  ber.zene.  The  dried  crystals  titrated  as 
30.5‘;<  ionic  chloride  ra.  the  thoretical  33.!?;  and  wese  used 
directly  in  the  next  step.  The  crude  product  was  dissolved  in 
water  ttiO  ml)  containing  sodium  sulfite  (6.24  g)  and  the  solution 
was  heated  at  103*  for  8  hr.  The  solution  was  concentrated, 
diluted  with  ethanol,  and  concentrated.  The  solid  residue  was 
extracted  with  ethanol  (80  ml),  decolorized,  and  diluted  with 
acetone.  After  the  residue  cooled,  5.5  g  of  solid,  mp  354-356° 
dec,  was  obtained.  The  mother  liquot  yielded  additional  prod¬ 
uct  ( 1 .7  g).  The  combined  solids  were  dmolved  in  methanol  and 
passed  over  t)owex-l-X2  (hydroxide)  and  Dowex-50  (acid) 
columns.  Crystallization  from  ethanol-acetone  gave  4.3  g 
(.‘18?; )  of  6-(trimethylammonitim)hexane  sulfobetaine,  mp  367° 
dec,  based  on  chlorohydrin  reacted.  The  sulfobetaine  (2.23  g) 
was  refluxed  with  dimethyl  sulfate  (10  ml)  and  worked  up  in  the 
usual  manner.  The  product  isolated  from  the  Dowex-l-X2  (hy¬ 
droxide)  column  effluent  was  recrystallised  from  acetone- meth¬ 
anol -ether  to  give  the  title  compound  (2.65  g,  78%),  mp  74-76*. 

Anal.  Calcd  for  C;,H«ClNO,S:  C. -35.55;  If,  7.16;  S,  9.49. 
Found:  C.  33.41;  11,7.25;  S.9.44. 

J-(  M ethylaulfonate i-  1-methylpyridinimn  Perchlorate  (1).  A. 
Do  wear  Method. — 3-Pyridin«»m!fonic  acid  (200  mg)  was  heated 
withdimethylsulfate(2ml)for3'nr(oilbath)at  180°.  Themis- 
ture  was  triturated  with  ether.  The  reaidual  gummy  solid, 
poorly  soluble  in  methanol,  wes  dissolved  in  a  minimum  volume 
of  ice-water  ami  the  solution  was  diluted  to  ea.  70%  (v/v)  with 
methanol.  The  solution  wa*  passed  over  a  Dowex-l-X2  (hy¬ 
droxide)  ion-exchange  column  at  —70°  and  the  eluate  was  im¬ 
mediately  neutralized  with  perchloric  acid.  The  eluate  wag  con¬ 
centrated  cold  to  a  small  volume  and  diluted  with  ether.  The 
precipitated  solid  was  collected  and  triturated  with  acetone. 
Acetone  was  removed  from  the  extract  and  the  solid  was  recrygtal- 
lized  from  acetone-ether  to  yield  the  title  compound  (60  mg, 
16%),  mp  li4-115°  with  previous  softening.  Kecrystallization 
gave  an  analytical  sample,  mp  1 13.5-1 15°. 

Anar.  Calcd  for  C,H„ClNO:8:  C,  29.22;  H,  3.50;  N.4.87; 
8,11.15.  Found:  C.  29.13;  H.  3.52;  N,  5.31;  S,  10.99. 


(10)  1).  ISfllencl.  and  V.  Ilotller!,  Cktm,  Ber.,  N,  505  (1MO. 


The  npir  spectrum  was  compatible  with  the  assigned  st  met  lire. 
The  acetone-insoluble  pintioii  was  leciyslnlli/cd  to  yield  1- 
methyl-3-pyridiuiiini  sulfobetaine  (1(H)  mg,  46',, ),  mp  851  353°. 
The  sulfobetainp  was  prepared  also  directly  by  treating  3- 
pyritlinesnlfonic  acid  with  a  tenfold  weight  excess  of  dimethyl 
siilfateat  100-170°  for  20  hr.  The  solid  product  which  stipulated 
was  recr.vstallized  twice  from  water- methanol  to  yield  85%, 
product,  mp  355-358°  dec. 

Anal.  CrJixj  for  C.HjNO.8:  0,41.61;  11,4.07,  X,  8.09. 
Found:  0,41.77,  11,4.33;  N.8.19. 

Treatment  of  !-methyl-3-pyridininm  t nlfnhclaiiie  with  di¬ 
methyl  sulfate  in  the  same  manner  as  with  3-pyriilmesiilfoiiu.- 
nciti  gave  only  a  4%  yield  of  compound  1. 

B.  Barium  Perchlorate  Method.— Extensive  studies  led  to 
the  following  optimum  procedure.  3-1’y i •diiiesulfonic ui id  (1  g) 
was  heated  for  6  hr  with  dimethyl  sulfate  (10  ml)  at  180°,  or 
slightly  below  reflux.  Excess  dimethyl  si.ifale  was  removed  hy 
extraction  with  anhydrous  ether.  The  syrupy  residue  was  dis¬ 
solved  in  25  ml  of  acetone/g  of  sulfonic  acid.  A  ‘iltc.cd  solu¬ 
tion  of  barium  jierchlorale  in  acetone,  about  05  g/1.  ipicpareu 
separately),  was  then  added  to  the  extent  of  0.35  mol  mol  of 
sulfonic  acid  to  the  acetone  solution  of  lenctiou  product.  A  litile 
decolorizing  lai bon  was  added  and  the  mixture  was  Mined  i  Filler 
Aid).  Anhydrous  ether  was  slowly  added  to  the  filtrate  with 
swirling  to  a  slight  turbidity.  When  prenpif'lioi:  was  complete, 
the  mixture  was  cooled  to  5°  with  fui'lier  additions  of  ether  as 
necessary.  About  two  volumes  of  clhei  |>cr  volume  of  acetone 
are  required.  The  crude  ester  was  filtered  and  wn-lusl  with  dry 
ether  to  give  product  with  mp  111-113°.  The  product  was  re¬ 
crystallized  once  to  give  mp  114-1 15°;  rctovery  was  about  90% . 
The  overall  yield  of  lecrystallized  piodurt  was  alsmt  20%  based 
on  3-pyridineMilfonir  acid. 

3-(EthyUuifonate)-l-ethylpyri3inium  Perchlorate  (2).— 3-Pyri- 
dinesulfoiuc  acid  (5  g)  and  diethyl  sulfate  (100  ml)  weie  heated 
rapidly  to  reflux  (200-210°)  under  a  nitrogen  atmosphere.  The 
mixture  was  held  at  reflux  for  not  more  than  10  min  and  cooled. 
The  reaction  mixture  was  'cached  with  ether  nnd  the  residue  was 
dissolved  in  incthanul.  The  methauolic solution  was  passed  over 
a  l)owcx-l-X2  (hydroxide)  ion-exchange  resin  column  -it  —70°. 
The  eluate  was  passed  direct l.v  into  100  ml  of  ether  lontainiug  2 
ml  of  perchloric  acid  also  cooled  to  —70°.  More  cthei  was  added 
-mill  precipitation  was  complete.  The  prodml  was  filtered, 
washed  with  ether,  and  recrystallized  from  acetone-ether  to  yield 
2.8 g  (30?; ) of  the ethvl  ester  2,  mp 94.5-96.5°. 

Anal.  Calcd  for  (ilfoClNlbS:  0,34.29;  H.4.44;  N.4.44; 
8,10.16.  Found:  C,  34.38;  II,  4.60;  X,  4.42;  S,  10.18. 

Methyl  2- ( Trimethylammonium  perchlorate  jethane  Sulfonate 
($). — Sodium  2-bronioethaue  sulfonate"  wa-  dissolved  in  eve's 
25?,  aqueous  trimethylamine  and  allowed  to  stand  for  10  days. 
The  solution  was  concentrated  to  near  dryness,  diluted  with  ab¬ 
solute  ethauolr  and  filtered.  The  solid  was  triturated  w.th  hy¬ 
drochloric  acid  and  filtered  and  the  filtrate  was  concent  rated  to  a 
thick  syrup.  Methanol  and  2-propanol  were  added  and  the  re¬ 
sulting  solid  was  collected.  The  solid  was  dissolved  in  water  and 
passed  through  a  column  of  Dowex-5C-X2  in  water.  The  solu¬ 
tion  was  again  concentrated  to  near  dryness.  Absolute  ethanol 
was  added  and  the  resulting  solid  was  collected.  The  product 
was  recrystallized  from  ethanol-water  to  yield  trimethyl  taurine 
(63?;.),  nip  344-346°. 

Trimethyi  taurine  was  also  prepared  in  89%  yield  from  ethylene 
bromide  by  the  method  of  Bamhurst.”  Trimethyi  taurine  (0.84 
g)  was  refluxed  with  dimethyl  sulfate  (5  mi)  for  1  hr.  After  the 
mixture  was  leached  with  ether,  the  slightly  gummy  solid  was 
dissolved  in  methanol,  decolorized,  and  passed  over  two  Dowex- 
1-X2  (perchlorate form) resiti  columns  (1.3  X  40  cm).  Thesolu- 
tion  was  concentrated  in  the  cold.  The  resulting  solid  «s< 
filtered  and  crystallized  twice  from  acetone-ether  lo  yield  com¬ 
pound  3,  0.32  g  (23?;.),  mp  146-147°.  in  an  improved  proce¬ 
dure,  the  solid  from  the  dimethyl  sulfate  react  ion  was  wa-heil  with 
a  small  volume  of  ice-cold  methanol,  dissolved  in  methanol,  and 
treated  with  a  methanol  solution  of  anhydrous  barium  perchl  -rate 
at  room  temperature.  The  reaction  mixture  was  cooled  to  0° 
and  filtered,  and  the  solid  crude  product  was  washed  with  cold 
methanol.  After  recrystallization  from  are1  jnc-ether,  the  prod¬ 
uct  had  mp  145-146.5°.  The  overall  yield  hy  this  procedure  Is 
40-50%. 


(11)  C.  8.  Marvel  and  M.  8.  Sparb era.  "Oraaivc  Synthaaaa,"  Colt.  Vol. 
II.  John  Wiley  A  Son*.  Inc.,  New  York,  N.  Y..  11)43.  p558. 

(12)  1.  D.  flatnhurst.  J.  Or).  Chen..  M,  IS  10  (1961). 
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Ann).  Calcd  for  C,II„C1N0,S:  C,  25.58;  H.  5.73;  Cl, 
12.58:  N.  4 .1)7:  S.  11.38.  Found:  C,  25.84;  H,  5.7C;  Cl, 
12.54;  N,  4.11(1;  S,  11.20. 

Attempted  Preparation  of  2-  end  4- ( Methyltulfonate )- 1  • 
methylpyrldinlum  Perchioretee. — 2-Bromopyridine  w;ia  con¬ 
verted  to  2-mercaptopyrid:ne  in  85%  yield,  yellow  needles,  mp 
120-124“  (crude),  following  the  method  of  Thirtle  *’  The  mer¬ 
captan  was  then  oxidized  with  nitric  acid  to  2-pyridinesiulfonic 
acid  (07' , ),  nip  240-247.5°,  hv  the  method  of  Evans  and  Brown,1* 
who  report  mp  251-252°. 

To  prepare  4-pyridiuei-ulfonic  acid,  pyridine  was  treated  with 
thionyi  chloride  (initial  cooling  required)  for  5  days  and  worked 
up  according  to  the  method  of  llcwden  and  Green.1*  In  our 
hands,  the  yield  was  1(1';;  crude  material,  mp  100-150°.  The 
crude  material  was  convened  to  --pyridinesnlfonic  acid  by  treat¬ 
ment  with  sodium  sulfite  according  to  the  method  of  Evans  and 
Brown*  ami  gave,  after  purification  by  ion  exchange,  ca.  30% 
4-pyridincsttlfniiic  acid,  inp  325-328°  dec  (lit.**  mp  317-318°). 

As  discussed  in  the  text,  the  reaction  of  both  2-  and  4-pyridine- 
solfonic  acid  with  dimethyl  sulfate  and  work-up  in  the  usual  man¬ 
ner  (Dow ex- 1  (hydroxide)  cnkinv.  technique]  gave  a  sulfur-free 
product  corresponding  to  the  l-methyl-2-  (and  4-)  methoxypyri- 
duiiuni  perchlorates.  Further  study  indicated  that  the  dimethyl 
sulfate  reaction  forms  the  corresponding  2-  and  4-pyridine  sulfo- 
betaines  (no  methyl  esters  were  isolated),  which  are  noddy  dis¬ 
placed  by  metboxide  on  the  Dowex-1  (hydroxide)  column  even 
at  ca.  —70°. 

Ic  a  typical  experiment ,  purified  2-pyridinesulfonic  acid  ( 1 .0  g) 
was  treated  w  :th  dimethyl  sulfate  (10  ml)  at  140°  for  3  hr.  After 
the  mixture  was  leached  with  ether,  the  residue  was  dissolved  in 
70%  methanol-water  (v/v)  and  passed  over  a  I)owex-l-X2  (hy¬ 
droxide)  column  at  —70".  The  eiuate  was  immediately  neu¬ 
tralized  with  perchloric  acid,  diluted  three  times  with  ether,  and 
cooled  in  Dry  Ice-acetone  to  yield  crude  product  (980  mg,  60%). 
Recrystallizaf  iuu  from  acetone-e*her  gave  850  mg  of  2-methoxy- 
l-methvlpyridininm  perchlorate,  mp  U4-1180. 

Anal.  Calcd  lor  C,H,0C1NO,:  C.  37.60;  H,  4.51;  N.  6.26. 
Found:  C,  37.93;  H.4.56;  N.6.23. 

To  gam  more  information,  l-methyl-2-pyridinium  sulfo- 
betaiue  war.  prepared  by  treating  2-pyridinesulfcnic  acid  with 
dimethvl.xulfateat  140°for3hr.  The  reaction  mass  was  worked 
up  as  for  l-methyl-3-pyridinium  sulfobetaine  (see  above)  and 
gave  58%  product,  mp  268°  dec. 

Anal.  Calcd  for  C,H,NO,S:  C,  41.61;  H.  4.07;  N.  8.09; 
8,  18.51.  Found:  C, 41.84;  H,4.i7;  N.  7.S0;  S.  1J.16. 

The  sulfobetaine  (110  mg)  was  dissolved  in  70%  methanol- 
water  (v/v)  and  passed  over  a  Dowex-1 -X2  (hydroxide)  ion- 
exchange  column  at  -70°.  The  eiuate  waa  neutralised  at  once 
with  perchloric  acid.  There  waa  isolated  2-methoxy-l-methyl- 
pyridinitim  perchlorate  (105  mg,  74%).  mp  113-115°.  A  mix¬ 
ture  melting  point  with  the  original  analytical  sample  was  un¬ 
depressed  and  the  infrared  spectra  were  identical.  The  per¬ 
chlorate  salt  was  converted  to  crude  bisulfate  salt  by  ion  ex¬ 
change:  mp  115-130°;  bisulfate  absorption  in  the  infrared  spec¬ 
trum  at  8.6,  9.86,  and  11.65  re.  An  attempt  to  prepare  the 
chloride  salt  gave  an  oil. 

Similar  results  were  observed  in  the  reaction  of  4-pyridinesul- 
fonic  acid  with  excess  dimethyl  sulfate  at  145*  for  4  hr.  Work-up 
in  the.  usual  manner  and  passage  over  a  Dowex-l-X2  (hydroxide) 
column  gave  a  yellow  solid,  4-methoxy-l-methylpyridinium 
perchlorate  (100  mg),  mp  68-72°.  Recryitallization  from  ace¬ 
tone-ether  with  decolorization  gave  an  analytical  sample,  mp 
72-74°,  as  near-white  crystals.  The  infrared  spectrum  showed 
absorptions  at  8.3  and  8.35  *. 

Anal.  Calcd  for  CtHuClNO,:  C,  37.60;  H,  4.51;  N,  6.26. 
Found:  C.  38.05;  11,4.60;  N.6.31. 

The  product  waa  unchanged  on  a  second  passage  over  the 
Dorrex-l-Xi  (hydroxide)  coiumn. 

Preparation  of  Methyl  4-Axa-4,4-dimtthyl-4-(trimathylam- 
mooium  perchlorate )octyl  Sulfonate  Perchlorate  (16). — Butylene 
diamine  (9.8  g)  waa  refluxed  with  aqueous  formaldehyde  (44  ml) 
and  90%  formic  acid  (SO  ml)  for  35  hr.  An  equal  volume  of  water 
containing  concentrated  hydrochloric  acid  (24  ml)  was  added  and 
the  mixture  was  evaporated  to  dryness.  The  solids  were  dis¬ 
solved  in  minimum  water  which  was  made  alkaline  with  25% 
aqueous  sodium  hydroxide.  The  reaction  mixture  was  extracted 


1 13)  l.  R.  Thirtle.  J.  Amtr.  C An*.  3k.. «,  342  (1844). 

(14)  R  C.  Eraasaod  H.C.  Bren.7.  Ort.CUi.,ti,  13*7  (1962). 

(15)  K.  Bowden  nnd  P.  N.  Grown,  J.  Ch* m.  3k  „  1799  (1994). 


with  ether.  The  extract  was  dried  (potassium  hydroxide)  and 
the  ether  *  as  removed.  The  resulting  oil  was  distilled  to  yield  a 
first-fraction  (12.0  g.i,  bp  i5o-i63;,  95%  pure  by  vpe,  and  a 
second  fraction  (2.9  g),  bp  163-165°,  100%  pure  by  vpc.  The 
over-all  yield  was  90%  of  N,N,N',N'-tetramethylbutylenedi- 
ainine.  Picrates  of  both  fractions  were  prepared  in  95%  yield, 
mp  201-202°  (lit.1*  mp  198-199°). 

Methyl  iodide  (1.98  g,  14.4  mmol)  in  benzene  (30  ml)  was  added 
dropwise  to  a  stirred  solution  of  the  diamine  (2.0  g,  14.4  mmol) 
in  benzene  (30  ml).  The  solution  was  stirred  for  13  min  and 
filtered.  The  precipitate  was  washed  with  benzene  and  dried  to 
yield  crude  product  (3.4  g),  mp  141-143°.  The  latter  was  dis¬ 
solved  in  ethanol  and  the  presumed  1 ,4-diquatemary  isomer  (0.23 
g)  was  removed  by  filtration.  The  filtrate  was  concentrated  and 
the  addition  of  ethyl  acetate  gave  4-(trimethylammonium  iodide)- 
1-dimethylaminobutane  (2.86  g,  70%),  mp  146-147°. 

anal.  Calcd  for  C,H„IN\:  C,  37  ”7;  H,  8.10;  I,  44  IM¬ 
IS’,  9.79.  Found:  C,  37.73;  H.8.21;  1,44.48;  N.9.55. 

4-(Trimethylamtnonium  iodide)-l-<limethy!aminobutane  (2.0 
g,  7.0  mmol)  and  propane  suitone  (0.85  g,  7.0  mmol)  in  benzene 
(50  ml)  were  relluxed  fe-  4  hr.  The  mixture  was  filtered  and  the 
inlid  was  recrystallizeu  from  methanol-acetone  to  give  1.65  g 
(60%)  of  4-aza-4,4-dimethyI-8-itrimethylammonium  iodide  )oc- 
tane  snlfol/etaine,  mp  280-282°. 

Anal.  Calcd  foi  C„H„IN\0,.S:  C,  35.29;  H,  7.16;  1. 
31.08;  N,  6.86;  8.  7.85.  Found:-  C.  35.34;  H,  7.22;  I, 
31.29;  N.  ‘.08;  S.7.91. 

The  sulfobetaine  (1.12  g)  was  heated  for  4  hr  with  <* (methyl 
sulfate  (5  ml).  The  mixture  was  triturated  with  ether  and  dis¬ 
solved  in  methanol,  and  the  solution  was  passed  over  Dowex-1 
(hydroxide)  at  —70*  into  a  cold  solution  cl  perchloric  acid  in 
methanol.  The  product  was  recrystallizcd  from  methanol- 
acetone-ether  to  give  1.0  g  (70%)  of  the  title  compound  •,  mp 
181-182°. 

Anal.  Calcd  for  C„H»Cl,NAiS:  C,  31.52;  H,  6.51;  a, 
14.31;  N,  5.66;  S,  6.47.  Found:  C,  '1.81;  H.  6.61;  a, 
14.20;  N,  5.51;  8,6.42. 

Preparation  of  Methyl  3.3*-Bis-(l,4-tetramethylammo«ihiro 
butane  (propane  Sulfonate  Diperchlorate  (17).— N,N,N',N’- 
Tetrametbylbutylenediamine  (4.3  g,  0.030  mol)  and  propane 
suitone  (7.4  g,  0.0605  mmol)  were  dissolved  in  benzen*>  (60  ml) 
and  the  solution  was  refluxed  overnight.  The  mixture  waa 
filtered  and  the  precipitate  was  washed  with  benzene  and  dried. 
Crude  3,3'-bis(l  ,4-ietramethytimmonium  butane)piopane  sulfo¬ 
betaine  (11.0  g,  95%),  mp  301-303°  dec,  was  obtained.  An 
analytical  sample,  mp  313-315c  dec,  was  prepared  by  recrystal¬ 
lization  twice  from  methanol-acetone. 

Anal.  Calcd  for  C„H„N,OA:  C,  43.27;  H,  8.30.  Found: 
0,43.24;  H.8.05. 

The  disulfobetaine  (3.9  g,  0.01  mol)  waa  heated  with  dimethyl 
sulfste  (25  ml)  at  125-130*  for  8  hr.  Some  material  did  not  dis¬ 
solve.  After  trituration  with  ether,  the  solid  was  dissolved  in 
methanol  and  filtered  to  remove  unreacted  sulfobetaine  and/or 
monoester.  The  methanol  solution  was  pasted  over  Dowex-1 
(hydroxide)  into  methanol  containing  perchloric  acid.  The 
solid  wtw  filtered,  weshed  with  ether,  and  dried  to  give  225  g 
(40% )  of  crude  compound  9.  A  portion  of  the  crude  product  waa 
recrystallized  twice  from  acetonitrile-ether  to  give  mp  153- 
155°. 

Anal.  Calcd  for  C„HMC!,N,0..8.:  C,  31.11;  H,  6.20;  N, 
4.54.  Found:  C,  31.60;  H.6.40;  N.4.69. 

Preparation  of  Methyl  3,3'-BU(dimetltylanunoolum  Per¬ 
chlorate  )prop«as  Sulfonate  (!«).— Propane  suitone  <14-5  g,  0.12 
mol)  was  let  react  with  dimethylamine  (6.0  -,  10%  excess)  in 
benzene  solution .  The  solution  waa  stirred  at  room  temperature 
overnight  and  then  refluxed  for  1  hr.  The  precipitated  betaine 
was  filtered  and  washed  with  benzene  to  give,  after  one  recrystal¬ 
lization  from  ethanol-acelcne,  11.5  g  (33%)  of  3-dimcthyIam- 
monium-N-(3  '-sulfonopropy  1  Jpropane  sulfobetaine,  mp  2 1 5  * ,  with 
previous  softening  at  204",  which  (2.88  g,  0.1  mol)  wss  heated 
with  dimethyl  sulfate  (20  ml)  at  1 15-120°  for  16  hr.  The  reaction 
mixture  was  triturated  with  ether.  The  residual  solid  was  dis¬ 
solved  in  minimum  methanol  and  passed  through  Dowex-1  (hy¬ 
droxide)  at  —70°.  The  eiuate  was  collected  in  methanol  con¬ 
taining  perchloric  acid  (2  ml).  The  product  wss  filtered,  washed 
with  ether,  and  dried  to  give  compound  10  (1 .7  g,  40%),  mp  97- 
63.5°  after  one  reerystallisation  from  acetonitrile-ether. 


<!#>  H.  T.  CLrk*.  H.  B.  Gillwpi*,  sad  3.  Z.  Wsnbtui.  J.  Aswr.  Ckt, a. 
3k..  Si,  *971(19X9). 
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The  product  was  purified  further  by  trituration  three  times 
with  trailing  acetone.  The  acetone-soluble  portion  was  filtered 
through  l .'elite  and  ether  was  added  to  the  filtrate,  (.'nniiratm 
lOsepnrated  on  slow  cooling;  nip  105-106.6“,  72%  recovery. 

Anal,  fated  for  Ci.ll«Cl,NO^S;  C,  28.7S;  If,  5.71):  N 
8.35.  Found:  0,29.01;  H.S.'JS;  N.3.45. 


Registry  No— i,  21S78-S3-5;  2,  21864-92-0;  3, 
21864-93-7  ;  4,  21S64-94-S;  5,  21864-95-9;  6,  21864- 
96-0;  ",21864-97-1;  8,21864-98-2;  9,21864-99-3;  lfc, 
21865-00-9.  11,  21805-01-0;  12,  21865-02-1;  13, 
21865-03-2;  14,  121865-61-3;  15,  21865-05-4;  10, 

21865-06-5;  17,  21865-15-6;  18,  21865-16-7;  3-ttri- 
mcthylammonium)propane  aulfobetaine,  21865-17-8; 
3-(triethy!ammonium)propane  sulfobetaine,  1887-93- 
0;  3-tpyridinium)propane  aulfobetaine,  15471-17-7; 
3-(trimetliylammoiuum)-!,l,3-triinethylpropane  sulfo- 


betaine,  2J865-20-3  ;  3-(pyridinium  1-1 , 1 ,0-trir.ict hyl- 
propane  sulfoltctaine,  21865-21-4  ;  4-,'triethyiammo- 
niitnilbutape  sulfobetainc,  21876-42-6;  4-(pyridinium)- 
butane  snlfobctaiiie,  21S76-43-7;  4-ethyl-4-ftrhnethyl- 
amnioniumlhutane  sulfniietainc,  21876-44-s;  4-ethyl- 
4-ipyridinium)butane  aulfobetaine,  21876-45-9;  0-(tri- 
methylammoniumlhexane  aulfobetaine,  21876-46-0;  1- 
methyl-3-pyridinium  aulfobetaine,  21876-47-1;  tri- 
methyl  taurine,  7465-57-8  ;  2-metnoxy-l-methylpyri- 
din.unt  perchlorate,  21876-49-3,  l-mctbyI-2-pyridinium 
aulfobetaine,  4329-93-5;  4-rnethoxy-l-metliylpyridin- 
ium  perchlorate,  21876-51-7;  N,N  ,N N tetramethy  1- 
bulylenedaruine,  111-51-3;  4-(triinethyiammonium- 
io(iid(‘)-l-dimethylaminohutanc,  21876-53-9;  4-aza-4,4- 
dimethyI-8-trimethylammonium  iodide  octane  sulfo- 
betaine,  21876-54-0;  3,3'-b ls(l ,4-tetramethylammo- 

niumbutane)propaue  suifobeti  vie,  21876-55-1. 
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Relative  Nucleophilicity.  Methylation  of  Anions  in  Aqueous  Media1 
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Alkylation  rate  data  were  obtained  for  16  anion  nucleophiles  in  aqueous  media  at  25”  (and  37°)  and  constant 
salt  concentration  using  l-methyL3-(meihylsulfonate)pyridinium  perchlorate  as  the  alkylating  agent  substrate. 
The  data  at  25*  am  presented  in  terms  of  log  kt/km  and  the  Swain  and  Scott  equation  is  employed  tc  obtain  the 
substrate  constant,  «  (0.715).  Nucleophilic  constants,  a,  are  calculated  and  compared  with  published  values  for 
12  anions,  and  new  constants  were  determined  for  four  phosphonnto  ion  spades. 


The  synthesis  of  a  series  of  water-soluble  alkylating 
agents  has  been  described.1  A  pyridine  analog,  1- 
methyl-3-(methylsulfonate)pyridinium  perchlorate,* 
representing  the  most  reactive  agent  of  the  series,  was 
used  as  substrate,  in  the  work  reported  herein,  to  mea¬ 
sure  nucleophilic  constants  by  the  Swain  and  Scott* 
method. 

This  alkylating  agent,  in  common  with  other  mem¬ 
bers  of  the  series, 1  solvolyzes  in  water  to  form  meth¬ 
anol,  hydronium  ion,  perchlorate  ion,  and  a  stabie,  un- 
reactive,  water-soluble  sulfobetaine.  The  alkylation 
of  an  anion  results  in  the  formation  of  the  methylated 
anion,  perchlorate  ion,  and  the  sulfobetaine.  The 
equation  for  these  (simultaneous)  reactions  is  as  follows, 
where  kt  is  the  solvolysis  rate  constant  and  fc,  is  the 
second-order  anion  alkylation  rate  constant. 


(’)  Tbit  work  m  ptrforwtd  u«dw  Aiwa*!  CasMMt  DA 

1S-10S-AMC-UKA). 

(it)  P.  Bluubww.  A.  B.  Art,  F.  A.  Drtilwr.  C.  L.  (torrte,  H-  O.  Mirtal, 
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The  ratio  of  Jfcj/'k.  and  it.  is  determined  conveniently  ia 
separate  experiments  in  a  pH  Stat.  Hydronium  ion  is 
not  generated  in  the  anion  alkylation  reaction,  whereas 
it  is  a  product  of  the  competing  hydrolysis  reaction.  Ac¬ 
cordingly,  the  reduction  in  the  quantity  of  hydroniun; 
ion  liberated  at  time  t,  relative  to  solvolysis  in  the  ab¬ 
sence  of  anions,  is  a  measure  of  the  extent  of  alkylation 
at  time  l. '  Mathematical  treatment  leads  to  the  fol¬ 
lowing  general  expression. 


In  this  equation,  [.%]  is  initial  concentration  of  anion 
and  [Si]  is  the  concentration  at  time  t,  usually  taken  at 
infinity.  The  term  (H+,]  is  the  molar  hydronium  ion 
formed  by  hydrolysis  at  time  t;  it  is  equal  to  the  initial 
molar  concentration  of  agent  multiplied  by  the  mole 
fraction  of  agent  hydrolyzed. 

The  alkylation  of  16  anion  nucleophiles  was  studied 
kinetically  in  water  at  25°  (and  37°)  and  pH  7.0  with 
certain  exceptions.  The  system  wa8  adjusted  to  0.1  M 
in  total  salt;  this  k  the  sum  of  the  agent  and  anion  con¬ 
centrations  with  sodium  perchlorate  added  if  required. 
The  ratio  o?  k,lK  is  salt  concentration  dependent,  de¬ 
creasing  with  increasing  sail  concentration.  For  three 
sluggish  nucleophiles,  data  were  taken  more  conven¬ 
iently  at  0.5  M  salt  and  extrapolated  to  0.1  Af  salt. 

The  observed  ratios  kjk,  are  multiplied  by  55,4,  the 
molar  concentration  of  water,  to  give  ki/k*.  A  con¬ 
ventional  Swain  and  Scott*  treatment  is  bawd  on  the 
equation  log  ij/Jfc,  -  #n,  where  n  is  the  anion  aucleo- 
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Tails  I 

KeLATSVR  NtlCLIOPHIUiTfiRa.  3 ’A  AIN  AND  ScOTT  METHOD* 

(substrate:  1*  methyl-3-(methyliuUonate  )pyridin;um  pcrchlorcvte  (25*,  0.1  U  total  salt,  pH  7.0*)l 


NuelsopUlis  CowUat  n 


Aston 

kt/k,.  Jf-i 

kt/k . 

1 ««*«/*. 

Ob*4* 

Lit* 

Nitrate 

0.20 

11 

1.0 

1.4 

1.03 

p-N  itropheuy  1 
Methylphosphonate 

0.27 

15.0 

1.18 

1.7 

Isopropyl 

Methylphosphonate 

0.57 

31.6 

1.50 

2.1 

Fluoride 

0.70 

33.8 

1.59 

2.2 

2.0 

Sulfate 

1.44 

79.8 

1.9 

2.6 

2.5 

Chloride 

2.61 

145 

2.16 

3.02 

3.04 

Acetate 

4.52 

250 

2.4 

3.36 

2.72 

Chloromethyiphoephonate 

(Dianion) 

7.28 

403 

2.53 

3.5 

Bromide 

10.9 

804 

2.78 

3.89* 

3.89 

Bicarbonate 

23 

1300 

3.1 

4.3 

3.8 

Aiide 

27 

1500 

3.2 

4.5 

4.00 

Thiocyanate 

57.3 

3170 

3.5 

4.89 

4.77 

Iodide 

74.0 

4100 

3.61 

5.05 

5.G4 

Ethyl 

Metbylthiopkoipboaate 

150 

8200 

3.9 

5.5 

Hydroxide 

480 

26600 

4.4 

6.2 

4  2 

Thiosulfate 

3500 

190000 

6.3 

7.4 

6.4 

•  Except  acetate,  7.1;  bicarbonate,  8.3;  wide  and  ehloromethylphosphonale,  9.0  (equivalence  point).  *  Calculated  from  «  -  0.715 
(see  footnoted).  *  All  value*  from  Swain  and  Scott,'  except  nitrate.4  *  Bromide  ion  taken  aa  standard;  *  «•  3.89.* 


philic  constar.  A  plot  of  log  kt/k,  p t,  n  Is  employed 
normally  to  determine  the  slope,  *,  tbs  substrate  con¬ 
stant.'  In  the  present  study,  a  plot  of  log  ij/fc,  0*.  the 
published  nucleophilic  constants'  for  chloride,  bromide, 
and  iodide  ions  was  linear  within  0.02  log  units.  Ac¬ 
cordingly,  bromide  ion  (n  -  3.89)'  was  selected  as 
standard  to  establish  the  substrate  constant  1  as  0.715, 
and  the  nucleophilic  constants  listed  in  Table  I  were 
calculated  by  dividing  log  ifej/fc,  by  0.715.  The  value 
of  *  of  0.715  for  l-me<;hyl-3-(methy)sulfonste)pyri- 
dinium  perchlorate  is  comparable  in  magnitude  with  an¬ 
other  sulfonate  ester,  ethyl  p-toluenesulfonate  (0.66).' 

The  alkylation  of  isopropyl  methylphosphonate 
anion  was  confirmed  by  nmr  and  product  isolation 
studies. 

At  37°,  with  bromide  ion  as  standard,  the  3k>pe  was 
0.702,  reflecting  thw  decrease  in  kt/k,  to  9.6  *f~l  (from 
10.9  M~l  at.  25°).  Nucleophilic  constants  for  nine 
anions  at  37°  were  in  agreement  with  those  observed 
at  25'  within  0.1  log  unitor  less. 

Experimental  Section 

A  recording  Sargent  pH-Sut  with  thermoelectric  temperature 
control  (0.1*)  wen  used.  Solution  volumes  were  50-15  ml,  10-*- 
10'*  Af  in  agent,  ueing  0.02-0.08  N  sodium  hydroxide  at  titranl 
with  a  nitrogen  sweep.  Sodium  perchlorate  was  the  added  elec¬ 
trolyte  to  adjust  the  total  aalt  concentration  to  0.1  M.  The 
infinity  concentration  of  hydro- ium  ion  waa  cdjuatod  for  60% 
of  the  volume  of  titrant.  Five  or  more  rune  were  made  ft  each 
nucleophile  in  moet  case*  and  the  reeulta  an  reported  >  the 
number  of  significant  figures  warranted  by  the  precision  ot  the 
data  under  study.  Nucleophilic  Constanta  expressed  to  two  sig¬ 
nificant  figures  lure  a  probable  error  of  0.1  Icq  unit.  Sotvdysia 
rate  constants  for  l-methyl-3-(methyieu)foftate)pyTidinkun  pec- 
chlorate  were  determined  in  water  (0.1  Af  sodium  perchlorate) 
at  pH  7.0  at  25*.  The  k,  waa  8.18  (± 0.10 )  X  10*‘  sec-1;  at 
37*.  t,  is  3.07  (±0.12)  X  10*'sec->.  The  rate decreases  with  in¬ 
creasing  salt  concentration  (see  below). 

Phoephonats  and  Thkphoephonate.— The  alkylation  of  iso¬ 
propyl  methyl  phoepbonate  was  studied  at  25*,  0.1  Af  in  anion 

(«)  W.  L.  fitly  sad  P.  L.  Nichols,  Jr..  J.  Amt.  Cktm.  get.,  T»,  43*3  (»M). 


and  5  X  10~*  Af  in  substrate.  The  ratio  of  kt/k,  was  0.56  Af 
at  0.5  M  salt,  the  ratio  wae  0.41  M'K  For  p-nitrophenyl 
methylpbcephonate,  0.5  Af  in  anion,  the  ratio  of  it/'k.  was  0.19 
Af-*.  Isopropyl  methylphosphonate  was  extensively  studied 
sbo  at  37°  and  the  ratios  varied  with  pbosphonate  concentration 
ea  follows:  0.7  M,  0.23;  0.5  Af.  0.25;  0.17  Af,  0.35,  A  com¬ 
parative  study  of  isopropyl  methylphosphonate  was  made  with 
five  analogous  agents  at  37*,  0.70  Af  in  phoepbonate  and  7  X 
10~* Af  in  agent;  the  values  of  kt/k,  ranged  from  0.26  to  0.29,  or 
oonatant  within  experimental  error.  To  establish  a  nucleophilic 
constant  for  a  phosphenate  dilution,  chloromethylphoepbonic 
acid  of  high  purity  was  used.  The  study  was  made  at  ihe  equiva¬ 
lence  point  tpH  9.0),  pX.,  2.14  and  pff„  6.41,  as  determined  in 
water  at  25*.  In  a  system  0.5  Af  in  dianion,  the  ratio  of  kt/k,  at 
25*  was  5.20,  corrected  to  7.28  ot  0.1  if  salt  concentration.  The 
alkylation  of  ethyl  methyUhiophosphcnate  anion  was  studied  at 
25*.  1.72  X  10**  Af  in  substrate  and  4.96  X  10'*  Af  in  thio- 
phovpbonate  adjusted  to  0.1  if  total  salt  with  sodium  perchlorate. 
The  ratio  4,/fc  wae  146  Af-';  at  37*.  two  n  ns  gave  the  valuta  116 
and  122  Af-'. 

Other  Anion*. — Bromide  ion.  Lie  standard,  was  studied  at 
37*  over  a  range  of  total  saltconcentration.  Tbeobexrvod  values 
of  kt/k,  (Af~*),  a  function  of  total  salt  concentration  (substrate 
plus  bromide  ion),  are  as  follows-  0.026  if,  12.0;  0.088  if,  9.9; 
0.100  Af ,  9.6;  0.26  AT,  9.0;  0.30  Af,  7.6;  0.50  Af,  6.8;  0.71  Af, 
6.7.  The  corresponding  values  for  A,  (sec*1)  X  10*  are  an  fel¬ 
lows:  0.026  Af,  3.4;  0.088  Af,  3.2;  0.100  if,  3.1;  0.128  Af, 
3.0;  0.30  Af,  2.8;  0.71  Af,  2.8.  Alkylation  of  thiosulfate  ion 
exceeded  r0%  even  at  a  1 : 1  mule  ratio  of  substrate  to  the  anion; 
ibe  results  were  reproducible  within  0.1  log  unit  although  the 
absolute  error  may  be  greater.  Bicarbonate  km  was  studied  at 
pH  8,39  over  a  wide  range  of  mole  ratks  of  bicarbonate  to  sub¬ 
strate;  k,/k,  values  ranged  from  21  to  26  Af  *>,  increasing  (in  tlm 
case)  with  increasing _ It  con  miration.  Aside  ion  wss  deter¬ 

mined  at  pH  9.0  where  the  system  appeared  to  be  more  stable 
than  at  pH  7.0.  Thiocyanate  ion  mi  studied  at  pH  7.0  w:th 
good  reproducibility.  Chloride  ion  waa  checked  independently 
using  a  sister  agent,  methyl  3-(trimethylammonium  perchlorate >- 
sulfonate,  both  in  the  pH-8  tat  and  by  a  sample-withdrawal  titra¬ 
tion  technique. 

Tbs  less  reactive  nucleophiles  (the  first  five  anions  of  Tabls  I) 
were  studied  in  water  at  35*,  0.5  Af  iu  anion  and  10~*  Af  in  sub¬ 
strate.  The  FSMlts,  ht/*H  were  as  follow*  (Af  ~>):  nitrate,  0.17; 
p-nitrophenyl  methyiphospbonate,  0.19;  isopropyl  roethylpbue- 
phooate,  0.41;  fluoride,  04)1;  sulfide,  1.02.  Isopropyl  mcthyl- 
phosphonate  and  sulfate  ions  were  studied  at  a  concentration  of 
0.1  Af  in  *nk»  {due  agent  to  give  k-Ji,  ratios  of  0.57  and  1.44 
Af*1.  This  oorrssposda,  in  both  cases,  to  a  factor  of  1.4  in 
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kt/k'  between  0.5-0. 1  M.  This  factor  wait  used  to  estimate 
kt/!t,  at  0.1  .1/  to<»!  salt  for  the  other  three  less  reactive  anions 
(see  bromide  ion  data  above). 

The  ration  of  k\/k.  (.1/  ‘ '),  listed  in  Table  I,  acre  determined  at 
25*.  At  37*.  corresponding  data  (0.1  M  total  salt)  for  nine 
aniona  are  as  follows:  isopropyl  methylphoephonate,  2.0;  fluo¬ 
ride,  2.1;  chloride,  3.06;  aittate.  3.42;  bromide,  3.80  (stan¬ 
dard);  aside,  4.7;  'hiocyanate,  4.86;  ethyl  methylthiophos- 
phenate,  5.5;  iodide,  5.01. 

14 mr  Studies. — Nmr  studies  were  made  of  ihe  solvolysis  of  » 
sister  agent,  methyl  3-(trimethyiammonium  perchlorate )propano 
sulfonate,'  in  deuterium  oxide,  and  the  alkylation  of  sot.ium 
isopropyl  methylphosphonatc  was  studied  in  chloroform  and 
dueterium  oxide.  All  studies  were  carried  out  in  an  nmr  tube 
using  a  Yarian  DP-60  operating  at  60  Mcps.  Hydrolysis  of  a 
saturated  solution  (7%)  of  the  agent  in  deuterium  oxide  was  fol¬ 
lowed  by  the  disappearance  of  the  signal  due  to  protons  on  the 
SOCK]  group  at  r  6.1  and  the  appearance  of  the  signal  due  to 
methanol  at  r  6.6.  Alkylation  of  isopropyl  methylphoephonate 
anion  was  studied  with  the  same  substrate,  but  the  suostrate 
anion  was  isopropyl  methylphoephonate  instead  of  perchlorate. 
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The  chloroform  solution  initially  showed  the  presence  of  80CHt, 
but,  after  several  hours,  a  POCH,  doublet  appeared  and  the 
SOCH,  peak  decreased  in  intensity.  A  solid  precipitated,  identi¬ 
fied  as  3~(trimethy'ammonium)p'op4ne  sulfobstaine.  Methyl 
isopropyl  methylphoephonate  was  isolated;  the  infrared  and 
nmr  spectra  of  the  compound  in  carbon  tetrachloride  were  identi¬ 
cal  with  those  of  an  authentic  sample.  The  nmr  spectrum  con¬ 
tained  a  POCH  multiplet  centered  at  t  5.35  (one  proton),  and  a 
POCH»  doublet  at  r  6.36  (7-11  cpB).  A  PCH,  oo  ibht  oc¬ 
curred  at  t  8.66  (J  «  18  epe),  and  a  CCH, doublet  (two  methyls, 
six  protons)  appeared  at  r  8.71  (J  «  6  cpe).  This  experiment 
was  repea'ed  in  deuterium  oxide  at  a  concentration  of  substrate 
of  co.  20%.  Although  solvolysis  predominated,  the  POCH,  peak 
was  observed;  methyl  isopropyl  methylphosphonate  was  isolated 
and  confirmed  by  an  nmr  spectrum  (CCh).  A  control  e'udy 
showed  that  isopropyl  methylphoephonL-  and  was  not  ee termed 
by  methanol. 

Registry  Ho. — l-Methyl-3-(methyisulfonat  y)pyridin- 
ium  perchlorate,  21876-83-5. 
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(U)  A  series  of  18  new,  water-soluble  alkylating  agents  was  synthesized.  The  structures  contain 
an  alkylsulfonate  group  as  the  alkylating  function  and  a  quaternary  ammonium  salt  group  attached  to  a 
hydrocarbon  backbone.  Alkylation  rate  data  were  obtained  for  16  anion  nucleophiles  in  aqueous  media 
at  25°  (and  37°)  and  constant  salt  concentration  using  l-methyl-3-{methy!sulfonate)pyridinium 
perchlorate  as  the  alkylating  agent  substrate.  The  data  at  25°  are  presented  in  terms  of  log  kj/kw  and 
the  Swain  and  Scott  equation  is  employed  to  obtain  the  substrate  constant,  s  (0.715).  Nucleophilic 
constants,  n,  are  calculated  and  compared  with  published  values  for  1 2  anions,  and  new  constants  were 
determined  for  four  phosphenate  ion  species. 
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